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ABSTRACT: In recent years, the developing countries was deal the use of computer based 
models of land use changes and urban sprawl which have greatly increased and tend to 
become important tools in supporting urban planning and management. The modeling recently 
used in various planning specialization such as economics, transportation, spatial planning, 
urbanization, ecology, and other social science aspects. However, modeling sprawl 
phenomena which convergence to remote sensing data has not fully demonstrated lack of 
common ground and testable concepts. Remote sensing data products have often been 
incorporated into urban modeling applications as additional sources of spatial data primarily for 
historical land use history. The objectives of this study to identify recent scenario and way 
forward of remote sensing tools in urban sprawl modeling based on reviewed of previously 
studied and urban planning situation in developing countries and Malaysia contexts specifically.  
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1. INTRODUCTION  
In developing countries, cities of 100,000 or more are expected to triple their built up land 
area 600,000km
2
 in the first three decades of this century. The increasing built-up area by 
2.5 times between 2000 and 2030 would expectedly occupy some 500,000 km
2
 of land 
area. Whatever the case, the data proved that developing countries now share the trend of 
urban sprawl. Specifically, development growth in most developing countries particularly in 
Malaysia has become a global issue, as rapid expansion process can no longer be 
controlled. Due to uncontrolled and unmanageable development, the physical, 
environmental and socio-economic aspects apparently suffered the largest impact.  
The planning system has an important role in managing and controlling the development 
trends and modeling the future scenario was one of methods to guide the decision maker 
particularly urban planners. Modeling was used in various planning specializations such as 
economics, transportation, ecology, urbanization and other science social aspects. The 
main purpose of modeling in urban planning is to help planners to identify and to 
  
 
 
 
 
understand the natural features and the movement in urban systems. In urban sprawl, 
model has been used to simulate a possible development in the future. This scenario will 
help planners to estimate the development consequences at local, regional and global 
stages (Harris & Batty, 2001; Li & Yeh, 2002). Many sprawl models have been 
implemented previously but the potential of combining with remote sensing techniques has 
yet not fully assess (Batty & Howe, 2001; Longley & Mesev, 2000; Longley et al, 2001) 
especially in developing countries. 
Previously, the process to provide a development trajectory is conventionally prepared 
based on field surveying techniques, which are costly and time consuming, particularly 
when it involves large urban area (Epstein et al., 2002) and this more uneconomical when 
only updating of selected areas while remote sensing capable to represents a major though 
still under-used source of urban data, providing spatially consistent coverage of large areas 
with both high geometric detail and high temporal frequency, including historical time 
series. Accordingly, this paper attempts to identify recent scenario and way forward for 
remote sensing tools in urban sprawl modeling based on reviewed of previously studied 
and urban planning situations in developing countries and Malaysia contexts specifically. 
 
2. MODELING IN URBAN PLANNING 
2.1 Sprawl issues in Developing Countries 
The space taken up by urban localities is increasingly faster than the urban population 
itself. Between 200 and 2030, the world urban population is expected to increase by 72 
percent, while the built –up areas of cities of 100,000 people or more could increase by 175 
percent (UNFPA, 2011), simultaneously effect on developing countries respectively. Among 
there, China was undergoing the most rapid and largest process of urbanization all over the 
world (Paulussen, 2003) followed by India and Malaysia. 
China is currently experiencing rapid changes mostly noticeable in big cities in terms of 
economic growth with effects on social, environmental, infrastructure and political systems 
there. At present the urban population comes up to about 30 % of the Chinese population 
will increase to more than 50 % in the next 20 years. This tendency will deeply impact the 
social, environmental and economic situations of the whole country. In India, with an 
unprecedented population growth and migration, an increased urban population and 
urbanisation is inadvertent. More and more towns and cities are blooming with a change in 
the land use along the highways and in the immediate vicinity of the city. This dispersed 
development outside of compact urban and village centres along highways and in rural 
countryside is defined as sprawl. 
 
Planning human living environment is obviously complicated. The physical, socio-economic 
and environmental aspects are particularly of major concerns and should be taken into 
  
 
 
 
 
consideration in the planning process. In Malaysia, the instantaneous emergence of cities 
with residential, industrial and commercial centre proves that development is growing very 
fast. Urbanization has increased from 27.6% in 1970 to 65.4% in 2000 and it is projected to 
achieve 75 % in 2020. In 2001, an area of approximately 3.3% of Malaysia or 437,100 
hectare is needed to accommodate an urban population expansion by 2020  (Atan, 2005). 
The cause to becoming a developed country has faced the country with many difficulties 
and challenges. Apparently, urban problems in Malaysia are virtually insurmountable with 
respect to expansion of vicious spiral urban squalor, squatter growth’s, congestion and 
poverty, which in turn are fueled by rural migration and resource exhaustion.  
Thus, planning and managing the urban areas have become the utmost tasks in dealing 
with issues and problems due to the tremendous development growth. At present, the 
advancement of geo-information technology and modeling have considerably affected the 
dynamic nature of urban and regional planning in Malaysia and consequently improved 
decision making, planning and management concerning urban areas. The Town and 
Country Planning Act, 1976 (Act 172) with its latest amendment in year 2001, manifested 
the concern of adopting the Geographical Information System in the planning process, 
especially in the preparation of development plans. Indeed the convergence of remote 
sensing, GIS and database management system has helped in quantifying monitoring and 
modeling subsequently on the sprawl process. 
2.2 Modeling Concepts In Urban Sprawl 
The evolution of computer information technology over the last few decades has had a 
significant impact on the planning profession. Modeling through computation was accepted 
as part of rational planning. These strongly support the requirement of computer-aided 
techniques in the planning process. According to the planning projection, the needs of 
other planning statistic such as population, employment, housing information and etc is 
crucial in determining the emergence of land use movement as they linked together, before 
the full significance of land use is noticeable. 
Models have been used consistently in urban planning in early 1960s. The Lowry model 
(Lowry, 1964) which studied of relationship of land use and transportation in land use types 
contexts. Previously, the planning model such as Herbert and Steven that used a linear 
programming (Herbet and Steven, 1960), TOPAZ (Technique for Optimal Placement and 
activities zones) by Brotchie (1969) and Koopsman & Beckman for determination of land 
use analysis. (Koopsman and Beckman, 1957). Many planning models that exist before 
1970s tend to study the planning and transportation. In early 1970s, the development of 
model in planning has been influence by other aspect such economic (Mills, 1972) with 
simulation model NBER (National Bureau of Economic Research) by Ingram, 1972 and 
planning administration of policy evaluation (Batty 1976 and Puttman, 1976). The other 
model was including the Forrester urban movement model (Forrester and Fournier, 1979) 
and CARPE that studied of growth impact (Laudet and Fournies, 1979). 
  
 
 
 
 
In urban sprawl modeling studies, the spatial phenomenon is simulated geometrically using 
techniques of cellular automata (CA). (Clarke, et al., 2002; Torrens and Sullivan, 2001). 
The inadequacy in some of these is that the models fail to interact with the causal factors 
driving the sprawl such as the population growth, availability of land and proximity to city 
centres and highway. Cheng and Masser (2003) report the spatial logistic regression 
technique used for analysing the urban growth pattern and subsequently model the same 
for a city in China. Their study also includes extensive exploratory data analyses 
considering the causal factors. The inadequacies in these were to accurately pinpoint 
spatially where the sprawl would occur. The approaches from developing countries context 
were developed by (Yeh and Li, 2001; Cheng and Masser, 2003) for China, (Jothimani, 
1997 and Lata et al, 2001) for India and Malaysia by (Mazlan and Mohd Noor , 2011 and 
Mohd Noor and Hashim, 2009). 
 
3. TOWARDS REMOTE SENSING IN URBAN MODELING 
In urban modeling, a good model and good theory require the incorporation of multiscale 
dynamics. In relation, the building, dynamics and applying models that accurately describe 
urban dynamics as revealed by the time series remote sensing data quickly becoming an 
imperative for understanding the complexities of urban sprawl (Longley and Mesev, 2000; 
Irwin and Geoghegan, 2001). The great strength of remote sensing is that it can provide 
spatially consistent data sets that cover large areas with both high detail and high temporal 
frequency, including historical time series. Mapping of urban areas has been accomplished 
at different spatial scales, e.g with different spatial resolutions, varying regional studies are 
often focused on mapping just the extent of urban areas. These techniques have 
advantages in characterizing the spatiotemporal trends of urban sprawl using multi-stage 
images, providing a basis for projecting future sprawl processes in urban areas. In this 
relation, this technology was cost effective and efficient to use in urban sprawl analysis 
(Radeloff et al, 2000; Sutton, 2003; Sudhira et al., 2004 and Yang & Liu, 2005). 
     
In urban sprawl, remote sensing datasets provides a useful information of sprawl features 
and generating a sprawl models for decision maker (Clarke et al, 2002; Torrens & Alberti, 
2000). These also have been used for observation, monitoring and mapping of land use 
sprawl. Commonly these datasets have been combined with GIS to bring a sprawl model. 
According Townshend (1977), the remote sensing attributes particularly used to choose 
image for movement process in each urban system based on; i) rapid changes on large 
objects in urban area tend to used low resolution and high frequency, ii) rapid changes on 
small objects in urban area tend to used high resolution and high frequency data, iii) slow 
changes on large objects tend to used low resolution and low frequency data, iv) slow 
changes on small object tend to used high resolution and low frequency data. 
  
 
 
 
 
In accordance, there are five different areas in which remote sensing combined with spatial 
analysis can support urban modeling (Herold, 2005). Based on the basic mapping and 
model requirement, remote sensing data have served the needs of many model 
applications as source of spatially consistent and timely data. The spatial arrangement and 
configuration of the basic elements (tone and color) combine to give higher order 
interpretation features of greater complexity such as size, shape and texture or pattern and 
association, that are significant and characteristic for urban areas and urban land use 
(Bowden, 1975; Haack et al., 1997). 
 
4. THE CHALLENGES OF REMOTE SENSING IN URBAN SPRAWL MODELING 
Research regarding urban sprawl modeling lack common ground and testable concept 
particularly in Malaysia. The main concern here is how to implement remote sensing data 
to support urban sprawl modeling the challenges some urban remote sensing projects 
generated data and statistics based on jurisdiction, but failed to justify how to effectively 
link the data to pattern analysis of urbanization across jurisdiction levels. Such information 
can support policymaking in urban planning and natural resource conservation. There are 
some issues facing urban remote sensing research which addressed such as stated by 
Herold et al 2003, many urban remote sensing studies tend to focus on technical issues in 
data assembly and physical image classification rather than on the use of the mapped by-
products in the spatio-temporal analysis of urban regions.  
 
 Although the best way to measure sprawl might be from an airplane using sophisticated 
remote sensing imagery and complex GIS, these technological reliant methodologies are 
limited by problems of scale and financial cost. A basic difficulty these efforts encounter 
relates to the indistinct demarcation between urban and rural areas on the edges of cities. 
Remote sensing provides an additional source of information that more closely respects the 
actual physical extent of a city based on land cover characteristic (Weber,2001). However, 
the definition of urban extent still remains problematic and individual studies must 
determine their own rules for differentiating urban from rural land.  
 Most local scale remote sensing applications require intra-urban discrimination of land 
cover and land use types. Considering the land cover heterogeneity of the urban 
environment several studies have shown that a spatial sensor resolution of at least 5m is 
necessary to accurately acquire the land cover objects (especially the built structures) in 
urban areas (Welch, 1982 Woodcock & Strahler, 1987). The traditional remote sensing 
objectives emphasizing the technical aspects of data assembly and physical image 
classification should be augmented by more inter-disciplinary and application –oriented 
approaches. Research should focus on the description and analysis of spatial and temporal 
distributions and dynamics of urban phenomena, in particular urban land use changes. 
However, there is still a lot of resistance, especially among social scientist, against using 
  
 
 
 
 
remote sensing techniques in urban studies. There are several reason such as 1) there is a 
general concern about pixelizing the social environment, i.e., focusing too much on the 
physical aspect of urban areas at the expense of social issues. Indeed, the socioeconomic 
variables of interest are usually not directly visible from measurements taken from remote 
sensing observation. Secondly, the social issues outside of geography and planning are 
generally more concerned with why things happen rather than where they happen, and 
accordingly, most social scientist tend to underestimate the value of the detailed spatial 
data that remote sensing provides. It is not appreciated that remote sensing can provide 
useful additional data and information for social science oriented studies, e.g by quantifying 
the spatial context of social phenomena and by measuring socially induced spatial 
phenomena as these evolve over time, for example, by helping  make connection across 
level of analysis and between different spatial and temporal scale, remote sensing has the 
potential to provide additional levels of information about the links between land use and 
infrastructure change and variety of social, economic and demographic processes. 
In terms of analyzing urban growth specifically in sprawl patterns, Batty and Howes (2001) 
believe that remote sensing technology, especially considering the recent improvements 
mentioned above, can provide a unique perspective on growth and land use change 
processes. Datasets obtained through remote sensing are consistent over great areas and 
over time, and provide information at a great variety of geographic scales. The information 
derived from remote sensing can help describe and model the urban environment, leading 
to an improved understanding (Herold, 2005). 
 
5. OUTLOOK AND CONCLUSION 
Remote sensing has proven to be an invaluable tool to support sprawl modeling as an 
alternative solution to urban planning problems in developing countries. Thus far, the 
justification for using remote sensing to support and improve urban sprawl modeling has 
been presented. The understanding urban dynamic based on actual measurement from 
remote sensing in the context of existing and evolving urban modeling remains challenging. 
Despite the promise of new sensors and technologies, this study still perceive a gap 
between the academic, research-focused results offered by the remote sensing in urban 
sprawl modeling also the academic data and products by government bodies of urban 
cities and region. Based on the previous studies there some problems must be overcome 
in order to develop useful application in terms of skills and integration of geospatial data. 
The contribution in the form of understanding regarding planning contexts with this 
approach is potentially rewarding and uniquely insightful. Through the use of remote 
sensing, the spatial evolution of urban systems can be better described, measured and 
modeled. 
In conclusion, various study positively proved the combination application of remote 
sensing tools and urban modeling to support analysis of urban sprawl in variety different 
  
 
 
 
 
ways. However, the research is still at an early stage and relies heavily on current scenario 
of decision makers in each member in developing countries specifically to unite the 
expertise and executing agencies in confronting the problems and exploring the value of 
the tools in the context of both urban theory and specific application. 
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